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Abstract
Impermeable seed/fruit coat, i.e. physical dormancy (PY) occurring only in several genera of
18  angiosperm  families  plays  an  important  role  in  controlling  seed  persistence  and
germination  timing.  It  has  been  theoretically  speculated  that  PY  is  more  prevalent  in
drylands  than  in  moist  vegetation  zones,  but  unequivocal  support  for  this  assertion  is
currently  unavailable.  The  broad  objective  of  this  contribution  was  to  examine  the
distribution of PY on the various vegetation of tropics and temperate ecosystems using a
data set of 13, 792 species. The number of species with PY in tropics (19%) is higher than the
number  of  PY species  in  the  temperate  ecosystem (15%).  However,  in  both  tropics  and
temperate,  there is  a  clear trend that  PY is  less  common in moist  and low-temperature
vegetation  zones  compared  with  dry  and high-temperature  vegetation.  In  tropics,  PY  is
more prevalent in dry woodlands (33%) and tropical deciduous forests (27.3%) compared
with the evergreen rain forest (9%). Similarly, in the temperate zone, dry vegetation with
seasonal rainfall such as Matorral (22.3) and deserts (19.5%) have a higher number of PY
species compared with moist warm woodlands (8.1%) and deciduous forest (9%). Although
PY is a trait found in various life-forms, it appears to be less common in trees, particularly of
the temperate zone. We discuss the ecological adaptation of PY in the dry ecosystem and
consider  the  mechanism  of  persistence  and  dormancy  break  in  PY  and  physiological
dormant (PD) species.
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Introduction
Impermeable seed/fruit coat, i.e. physical dormancy
(PY)  occurring  only  in  several  genera  of  18
angiosperm  families  is  an  important  functional
trait controlling the persistence of seeds in soil and
germination  timing  (Baskin  and  Baskin  2014;
Baskin and Baskin 2004; Long et al. 2015). The onset
of impermeability in species with a known history
of PY begins during the end of maturation drying,
where the palisade layer becomes impermeable to
water and the seed coat structures that  remained
open  during  the  seed  development  such  as
micropyle  also  close  (Egley  1979;  Geneve  2009).
Many  seeds  dispersed  in  the  impermeable  state
persist  in  the  soil  until  suitable  environmental
conditions  open  the  specialized  structures  of  the
seed coat, often referred to as ‘water-gap’, e.g. lens
in  Fabaceae  (Gama-Arachchige  et  al.  2013;  Van
Assche  et  al.  2003).  A  range  of  environmental
conditions  occurring  in  different  ecosystems  is
identified to make seeds permeable (Rolston 1978).
In  tropical  environments,  high  summer
temperatures, diurnal temperature fluctuation are
the important cues that break dormancy, whereas,
in the temperate ecosystems freeze-thaw cycle, low
winter  temperatures  could  break  the  dormancy
 Horizon e-Publishing Group                   ISSN: 2348-1900
Plant Science Today (2017) 4(2): 55-63
http://dx.doi.org/10.14719/pst.2017.4.2.293
Plant Science Today (2017) 4(2): 55-63
and synchronize the germination timing with the
growing  season  (Baskin  and  Baskin  2014).  In
addition to these environmental cues, other factors
such as fire and passage of seeds through animal
gut could also break dormancy (Baskin et al. 2000;
Jaganathan  et al.  2016). Germination of PY seeds
begins  immediately  after  ‘water-gap’  is  opened,
only if the embryo has no physiological dormancy
(PD), i.e. combinational dormancy (PY+PD), which
also requires additional  dormancy breaking cues
(Baskin and Baskin 2004). 
The growing body of literature on physical
dormant  seeds  clearly  suggest  that  there  is  a
strong correlation between moisture content of the
seeds and the inception of impermeability (Gama-
Arachchige  et  al.  2011;  Geneve  2009;  Hay  et  al.
2010; Mai-Hong et al. 2003). The moisture content
at  which  the  seeds  become  impermeable  varies
between species, but mostly in the range of 15-10%
f.wb  (Hay  et  al.  2010).  Despite  this  variation,
information  available  on  a  handful  of  species
unequivocally confirm that seeds collected early in
the maturation drying and kept at higher relative
humidity remained permeable throughout storage,
as  opposed  to  the  seeds  stored at  lower relative
humidity  environment,  which  induced
impermeability  (Barrett-Lennard  and  Gladstones
1964; Gladstones 1958). This understanding has led
to the implication that the maternal environment
at which seeds develop plays an important role in
determining  whether  the  seeds  would  develop
impermeability  or  not  (Hudson  et  al.  2015;
Jaganathan  2016).  For  example,  in  certain  moist
environments  with  high  rainfall  throughout  the
year and high humidity,  the moisture content of
the  seeds  during  maturation  drying  are  kept
higher  than  the  level  at  which  the  seed  coat
become  permeable.  Conversely,  dry  ecosystems
with seasonal rainfall and low humidity are likely
to  dry  the  seeds  during  development  leading  to
impermeability. 
Furthermore, in the moist ecosystem, there
is no obvious need for the seeds to germinate at a
particular  period of  time because  the  conditions
conducive  to  germination  such  as  water  and
appropriate temperature are available throughout
the  year  (Sautu  et  al.  2006;  Vázquez-Yanes  and
Orozco-Segovia 1993). Thus, many seeds are non-
dormant  and  are  shed  at  relatively  higher
moisture  content,  i.e.  desiccation  sensitive  or
recalcitrant  seeds,  for  which  the  germination
begins without any delay after maturation (Dickie
and Pritchard 2002; Hong et al. 1998; Pritchard  et
al.  2004;  Tweddle  et  al.  2003).  However,  in  the
ecosystem  with  dry  and  asesonal  rainfall,
conditions favorable for germination occurs only
at a particular  period of year and persistence of
seeds  in  the  soil  until  the  rainy  season  is  an
important trait for species colonization (Garwood
1983;  Khurana  and  Singh  2001).  Impermeable
seeds  are  long-lived  in  soil  and  many  of  them
possess  the  ability  to  form  long-term  soil  seed
banks  (Baskin  and  Baskin  2014;  Egley  and
Chandler 1983;  Shen-Miller  et al.  1995).  Thus,  by
producing both permeable and impermeable seed
coats  in  various  proportions  based  on  the
ecosystem,  species  can  spread  the  risk  of
germination across space and time (Baskin  et al.
2000). This favors the secondary dispersal of seeds
to  open  sites  and  provide  an  opportunity  to
colonize  in  new  environments  (Chambers  and
MacMahon 1994). 
Thus,  it  is  probably  logical  to  conjecture
that physical dormant seeds might be a dominant
trait  in  dry  ecosystems  mainly  for  two  reasons.
First,  the  lower  humidity,  seasonal  rainfall,  and
high temperatures prevalent in these ecosystems
would  dry  the  seeds  to  lower  moisture  level.
Second, long-term persistence in soil is an adaptive
mechanism  for  the  successful  establishment  of
seeds  in  dry  environments  due  to  the  limited
window of opportunity for germination compared
with moist habitats where water and appropriate
temperature required for germination is available
throughout  the  year.  However,  there  are  no
empirical  data  to  support  this  assertion.  The
purpose  of this  contribution was to  determine if
there is a relationship between the distribution of
PY species and climatic  conditions by examining
the data  available  on seed dormancy on various
ecosystems.  Our  secondary  hypothesis  was  to
examine  if  the  occurrence  of  this  trait  is  more
prevalent in any particular life-form. 
Methods and data set
Following  Walther’s  (1979)  description  of
vegetation  zone  (with  some  modifications),  the
data  available  on  the  seed  dormancy  types  on
different  vegetation  zones  was  summarized  by
Baskin  and  Baskin  (2014).  In  this  scheme,  the
vegetation zones of  the world were  divided  into
two broad categories: (1) tropical and subtropical
zones  and  (2)  temperate  and  arctic  zones.  The
tropical  and  subtropical  zone  were  further  sub-
divided into (1) evergreen rain forests of the low
lands and mountainsides; (2) semi-evergreen and
deciduous  forests;  (2a)  dry  woodlands,  natural
savannas  or  grasslands;  (3)  hot  semi-deserts  and
deserts, poleward up to latitudes of 35ºN and 35ºS.
Likewise,  temperate  and  arctic  zones  were
subdivided  into  (1)  schlerophyllous  woodlands
with  winter  rain;  (2)  moist  warm  temperature
woodlands;  (3)  deciduous  (nemoral)  forests;  (4)
steppes;  (4a)  semi-deserts  and  deserts  with  cold
winters; (5) boreal coniferous zone; (6) tundra; (7)
mountains.  From  the  details  presented  by
Walther’s (1979) and Tweddle et al. (2003) the data
on these vegetation zones with decreasing mean
rainfall  towards  increasing  dry  season  were
separately  analyzed  for  tropical  and  temperate
regions (see Tweddle et al. 2003). 
From data presented in Baskin and Baskin
(2014) and other recent publications and personal
communications,  we  were  able  to  use  the
information on the type of dormancy available on
   Horizon e-Publishing Group              ISSN: 2348-1900
56
Plant Science Today (2017) 4(2): 55-63
13, 792 species for this analysis. The number of PY
species in  each vegetation  was  summed and the
percentage was determined. In the entries added
by  our  literature  search  and  personal
communications,  we  classified  a  species  to
produce PY seeds only when 50% or more of the
seeds were impermeable at full maturity or after
dried  to  a  moisture  content  below  10%  f.wb.
However, in many previous studies, concluding a
species produce PY seeds is often confounded by
the lack of  imbibition test  and there are several
‘inferences’ made by Baskin and Baskin (2014) for
such  species.  Although  there  is  potential  risk  in
performing this analysis by including these species
as  definitive  PY,  because  future  imbibition  test
may add or remove those species from the group
of PY species, the smaller number of species in this
‘inferred’  category  compared  with  the  total
number of species used in this  study,  would not
alter  the  results  significantly.  In  addition,  some
species  produce  seeds  with  PY+PD,  but  for  the
purpose of this analysis, we treat them as PY seeds,
as these seeds also have impermeable seed coat.  
Results and discussion 
Our  analysis  clearly  shows  that  PY  is  more
common in dry ecosystems than in wet regions. In
a  tropical  ecosystem,  evergreen  rain  forest
receiving high rainfall throughout the year has 9%
of  the  PY  species  compared  with  33.1%  in  dry
woodlands,  where  the  conditions  are  completely
dry  (Fig 1).  Similarly,  the moist warm temperate
woodlands and deciduous forests of the temperate
ecosystem that are moist throughout the year have
less than 10% of PY species compared with more
than 15% at dry vegetation zone (Fig 1). However,
it  was  not  possible  to  clearly  conclude  that  the
driest vegetation zones have the higher percentage
of  PY.  For  example,  the  hot  semi-deserts  and
deserts of the tropical zone have 25.6% PY species
compared with 33.1% at dry woodlands (Fig 1). A
similar  trend  can  also  be  seen  for  temperate
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Figure 1. Percentage of seeds with impermeable seed coat in tropics (left side bar of each group) and temperate
(right side bar of each group) with climate becoming drier from left to right. The x-axis does not have any linear
relationship with each plot. EGRF, tropical ever green rain forest; SERF, tropical semi ever green rain forest; TDF,
tropical deciduous forest; TWDS, tropical dry woodlands, natural savannas and grasslands; HDSD, tropical hot and
semi-hot deserts;  MWTF, moist wet temperate forest;  TEDF, temperate evergreen deciduous forest;  MV, mattoral
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deserts and semi-deserts that produce 19.5% of PY
species compared with 22.3% at Matorral (Fig 1).
This lack of trend might be possibly attributed to
the paucity of data on many vegetation zones. The
occurrence  of  PY  also  declines  with  decreasing
temperature both in tropics and temperate zones.
It  is  certainly  clear  that  high  proportion  of  PY
seeds is found in tropical montane forest (12.7%)
and  northern  temperate  woodland  (18.3%)
compared  with  high  altitude  vegetation  (Fig  2).
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Figure 2.  Percentage of seeds with impermeable seed coat in tropics (left side bar of each group) and temperate
(right side bar of each group) with climate becoming cooler from left to right. TMF, tropical montane forest; TSA,
tropical sub alpine; TWZ, temperate wood zone; TCDM, temperate coniferous dominated montane; TBSF, temperate
boreal coniferous and sub-alpine forests; TAT, temperate arctic and alpine tundra. 
Table 1.  Distribution of physical dormancy in various life-forms across tropical and temperate ecosystems. Values
given in parenthesis are the percentage of inferred species. NDE- no details exist. 
Life form
Percentage of physical dormant seeds 
Tropical ecosystem Temperate ecosystem
Trees 15.2 (5) 6.8 (0.9)
Shrubs (and bamboos) 27.8 (6.2) 18.9 (0.2)
Lianas and vines 22.3 (3) 20 (3.4)
Herbs and epiphytes 21.7 (4) 10.5 (2.4)
Weeds 18.2 (0) 26.9 (0)
Annuals 23.5 (1.3) NDE
Non-weeds NDE 8.8 (1.2)
Forbs NDE 19.8 (1.7)
Graminoids NDE 0
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Both the vegetation with high PY species occurs at
a lower altitude and have dry season compared to
the  high  altitude  ecosystem,  where  temperature
and  the  duration  of  warm  period  available  for
seed maturation diminish (Körner 2003).
Based  on  this  analysis  and  the  previous
work by Tweddle  et al. (2003), it can be observed
that  when  the  climate  becomes  drier  the
desiccation-sensitive  seeds  decreases  but  the
proportion of species with impermeable seed coat
increases (Fig 1).  However,  both these assertions
have  many  exceptions  with  some  desiccation-
sensitive  occurring  in  the  dry  ecosystem  and
impermeable seed coat in the moist ecosystem. In
this  regard,  it  is  worth  noting  that  desiccation-
sensitive  seeds  that  colonize  in  dry  tropical
ecosystem develops and matures during the wet-
rainy  season  (Daws  et  al.  2005;  Dickie  and
Pritchard 2002; Jayasuriya et al. 2013; Pammenter
and  Berjak  2000),  with  conditions  close  to  the
moist  environment.  In  tropical  African drylands,
for  example,  Syzygium  cumini,  Trichilia  emetica,
and Vitellaria paradoxa produce recalcitrant seeds,
but  the  seed  development  and  dispersal  occurs
during  the  moist  season  (Pritchard  et  al.  2004).
Since  the  majority  of  the  recalcitrant  seeds  are
non-dormant,  immediate  germination  allows  the
seeds to establish in to seedling before the return
of dry conditions (Hill  et al. 2012). However, it is
difficult  to  disentangle  if  PY  seeds  occurring  in
moist environments of the tropics and temperate
ecosystem is restricted to the open sites or at the
edges  of  vegetation  transformation,  where  the
conditions are drier. Given that impermeability is
induced only after moisture content of the seeds
drops  below at  least  15% f.wb.  it  is  plausible  to
conclude  that  none  of  the  desiccation-sensitive
seeds  have  PY,  despite  some  species  were
theoretically  concluded  to  be  exceptions  e.g
Alectryon  excelsum Gaert.  (Sapindaceae)  (see
Tweddle  et al. 2003). Furthermore, PY appears to
be a highly conserved trait in seeds. A population
of  PY  plants  growing  in  moist  environments
producing  non-dormant  seeds  because  the
moisture content remained high above a threshold
level  to  induce  impermeability,  could  produce
dormant  seeds  in  subsequent  generations  when
the  climate  become  drier  (Nichols  et  al.  2009).
Thus,  testing  the  proposition  that  PY  species  in
moist environments might occur in dry micro-sites
requires very considerable work.    
In  spite  of  less  information  available  PY
species  distribution  within  particular  vegetation,
the highest frequency of PY seeds in dry and less
rainfall  ecosystem  (Fig  1)  suggest  that  this  trait
might  have  multiple  advantages  in  these
conditions. As explained above, the obvious fitness
benefit for PY seeds is the ability to establish long-
term  persistence  of  seeds  in  soil.  However,
although long-term persistence  of  seeds  in  these
environments increases the colonization ability of
seeds,  it  reduces  the  opportunity  to  germinate
during  every  growing  season  (Fenner  and
Thompson  2005;  Rees  1994).  Conversely,  PD  also
regulates the germination timing and presents an
opportunity  to  germinate  every  growing  season
(Paulsen et al. 2013). Given that PY is evolved from
PD  species  (Van  Staden  et  al.  1989;  Willis  et  al.
2014), the fitness advantages of this trait evolution
must  be  under  the  selection  pressure  of
environmental  conditions.  From  an  ecological
point of view, the key difference between PD and
PY seeds in regulating the germination timing may
be  linked  to  the  habitat  at  which  these  traits
operate.  In  ecosystems  with  dry  and  warm
climate,  after-ripening  breaking  physiological
dormancy  may  be  hastened  during  high-
temperature  and  these  seeds  germinate  during
aseasonal rainfall and the seedlings die (Bazin  et
al. 2011; Schütz  et al. 2002; Steadman et al. 2003).
In contrast, dormancy break in physical dormant
species occurs  in  two steps:  (1)  pre-conditioning,
wherein  seeds  are  conditioned  from  the  soil
temperature  for  dormancy  break  and  (2)
dormancy  break,  during  which  seeds  actually
open  ‘water-gap’  allowing  the  water  to  enter
internal  structures  (Jayasuriya  et  al.  2009;
Jayasuriya  et  al.  2008;  Taylor  2005).  Thus,  seeds
with PD have increased the risk of germinating at
the seasons other than growing season, but at least
in  the  proportion  of  seeds  opportunity  to
germinate arises every year. Whereas, seeds with
PY wait for a long time but most likely germinate
only  during  growing  season  because  aseasonal
rainfall  does  not  stimulate  germination.  By
producing  both  permeable  and  impermeable
seeds,  the  fitness  of  species  establishment  is
increased.    
Because the non-dormant seeds adapted to
moist  environments  germinate  soon  after
dispersal, the time for pathogen or fungi damaging
the seeds is minimal. However, the PD seeds in the
dry  ecosystem  are  highly  susceptible  to  fungal
attack due to the risk of wetting during aseasonal
rainfall, as a consequence these seeds are likely to
invest more towards physical  defense (Dalling  et
al.  2011).  Thus,  the  nature  of  impermeable  coat
preventing  the  internal  structures  of  PY  seeds
from pathogen and fungal attack, can be viewed as
an adaptive mechanism in the dry environments.
Furthermore,  by  maintaining  impermeable  seed
coat until growing season prevents the risk of seed
predation  because  of  no  volatile  compounds
emitted by PY seeds (Paulsen et al. 2013; Paulsen et
al. 2014). Seed predation accounts for the greater
loss of seeds in the soil, as the predators consume
many of  the seeds  and bury the remainder in  a
place that is not favorable for germination (Hulme
1998;  Thompson  2000).  Generally,  predators  use
the smell of the chemicals emitted from seeds as
olfactory cues to detect the seeds in soil and after
the  seed  coat  becomes  impermeable  no  such
compounds are emitted until dormancy is broken.
Although in a dry state (<6% moisture content) PD
seeds also do not emit volatile substances (Vander
Wall  1993;  Vander  Wall  1995),  seeds  shed  from
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parent plant are not always this dry. Further, dry
environments pose a significant risk to PD being
found  during  aseasonal  rainfall  or  early  rainy
season  because  of  imbibition,  despite  being
dormant.  Thus,  it  can  be  assumed  that  such  a
complex interaction of impermeable seed coat and
predation indicate that PY can be a highly valuable
trait in dry environments. 
The limited number of PY and the complete
absence  of  desiccation-sensitive  seeds  in  high
altitude  suggests  that  both  these  traits  do  not
provide  significant  fitness  benefits  for  species
establishment  (Fig  2;  Tweddle  et  al,  2003).  An
increase in altitude decreases temperature both in
tropics  and  temperate,  but  the  severity  of
conditions  may  differ  between  latitudes  (Lütz
2011).  There  is  now  comprehensive  evidence
available  to  show  that  many  species  of  high
altitude  ecosystem shed seeds  during  the  end of
autumn. Immediate germination is highly unlikely
due  to  the  harsh  winter  conditions  following
autumn  (Billings  and  Mooney  1968;  Bliss  1958;
Jaganathan  et  al.  2015;  Körner  2003).  The
prevailing low temperature during winter not only
turns  out  to  be  unfavorable  for  desiccation
sensitive seeds which are undergoing germination
process  but  also  kill  them,  explaining  why
desiccation sensitive seeds are completely absent
in this ecosystem (Roberts and Ellis 1989; Walters
et al.  2013). Most of the species adapted to these
environments must  also have the ability to form
long-term  persistence  bank  for  species
colonization  because  of  infrequent  return  of
germination conditions. Yet, PY is not common in
high  altitude  ecosystem  (Fig  2)  and  most  of  the
seeds tend to have PD. The lower temperature and
higher relative humidity during maturation could
maintain  the  moisture  content  at  levels  higher
than those required for inducing impermeability.
Thus, by collecting seeds from families producing
PY  species  and  drying  them  would  reveal
important insights on this area. Secondly, the fact
that germination happens immediately after PY is
broken  and  the  seeds  with  PY  cannot  cycle
between dormant and non-dormant state explains
the  reason  behind  more  species  with  PD  in  this
ecosystem  (Baskin  and  Baskin  2014).  That  is,
species  with  PD  breaking  dormancy  by  cold-
stratification  during  winter  have  increased  the
chance  for  germination  every  year,  but  if  the
growing season turns out to be unfavorable these
seeds enter dormancy again.   
There  is  a  significant  difference  in  the
distribution of PY across various life-forms (Table
1). In general, PY is less commonly found in trees,
particularly  in  the  temperate  ecosystem.  It  is  of
interest to note that, none of the trees occurring in
boreal  and  north  temperate  subalpine  forests,
conifer dominated montane and woodland zone of
temperate  ecosystem produce  PY seeds.  Tweddle
et al. (2003) observed that the non-pioneer trees of
evergreen  rain  forest  have  more  desiccation-
sensitive  seeds  compared  with  no  desiccation-
sensitive  seeds  in  pioneer  taxa.   This  could  be
viewed  as  an  adaptive  mechanism,  as  seeds  of
pioneer species must persist in soil for some years
and  having  a  desiccation-sensitive  seed  would
initiate germination immediately after landing on
the  soil.  However,  PY  seeds  are  found  in  both
pioneer  and  non-pioneer  trees  of  the  evergreen
rain  forest.  The  apparent  reason  and  ecological
significance for this  are  difficult  to  explain  until
more details  are  available  on the distribution  of
physical  dormancy  in  relation  to  micro-climates.
One important question is whether the PY pioneer
non-pioneer tree species are found at the edges of
vegetation  change,  plausibly  climate  becoming
drier.  The location of maturation site is  likely to
have a profound effect on PY and PD (Jaganathan
2016;  Steadman  et  al.  2004).  Secondly,  the
influence  of  seed  maturing  season  in  producing
dormant  seeds  in  general  and  PY  in  particular
have  also  been  extensively  documented  (e.g.
Salazar et al. 2011). The available data also shows
that  no herbs of the evergreen rain forest,  vines
and perennials of hot semi-deserts and deserts are
known  to  have  PY  seeds  (Table  1).  Further,  the
present  analysis  revealed  that  PY  can  be
commonly seen in shrubs, lianas and vines, herbs
and epiphytes and weeds of both temperate and
tropical  ecosystems.  One  simple  explanation  for
the less occurrence of PY in tress of the temperate
ecosystem may be that most of the trees of boreal
vegetation  are  gymnosperms.  Since  PY  does  not
occur in any gymnosperm species, the proportion
of  tree  species  with  PY  declines  towards  conifer
and  boreal  forest.  Moreover,  trees  also  decline
with increasing altitude and latitude, which might
also be the reason for this trend. 
Although  Tweddle  et  al.  (2003)  suggested
that the proportion of species with dormant seeds
increase  with  climate  aridity,  their  data  set
included  only  886  species.  However,  with  the
mounting  body  of  literature,  it  is  becoming
increasingly evident that many of the number of
species  with  dormant  seeds  increases  with  the
geographical  distance  from  equator  because  of
seasonal variation in climate (Bewley  et al. 2013).
The trend that PY increases with climate becoming
drier  indicate  this  trait  could  have  multiple
benefits  in  species  establishment  in  several
ecosystems  (see  above).  More  efforts  on
documenting  the  distribution  of  seeds  with
impermeable  coat  could  help  understand  the
ecological  significance of this  trait  at community
level.  The  work  by  Jayasuriya  et  al.  (2013)
emphasizes  the  need  for  further  survey  of  PY
species  in  dry  ecosystems.  Whilst  the  summer
temperature and diurnal temperature fluctuations
in tropics are known to act as important cues in
breaking dormancy (Hagon 1971; Jayasuriya et al.
2008; McDonald 2000; Moreno-Casasola et al. 1994;
Quinlivan 1968; Renzi et al. 2016), the factors that
make  seeds  permeable  in  temperate  and  moist
environment are less well known. Although burial
experiments  in  temperate  ecosystems  indicated
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that  PY  seeds  use  winter  temperature  to  break
dormancy (probably during winter) and germinate
in  spring  (Van  Assche  et  al.  2003),  some  studies
showed  that  temperature  prevailing  in  these
ecosystems do not break dormancy (Baskin  et al.
1998).  Despite this, the moisture content of seeds
in those studies was not determined, thus limiting
our  ability  to  draw  more  apparent  conclusion
(Jaganathan 2016). In particular, how PY in moist
and  dry  ecosystems  become  sensitive  and  what
cues  break  dormancy  must  be  studied  in  detail
using  temperatures  and  conditions  prevailing  in
natural environment, paying some attention to the
moisture content of the seeds. Such studies would
inform  us  about  the  ecological  adaptation  and
significance of PY. 
Summary of main findings
From  the  dataset  compiled  and  the  relevant
literature available, the following conclusions can
be  drawn.  The  number  of  species  with  PY  in
tropics  (19%)  is  higher  than  the  number  of  PY
species  in  the  temperate  ecosystem  (15%).
However, in both tropics and temperate, there is a
clear trend that PY is less common in moist and
low-temperature vegetation zones compared with
dry  and  high-temperature  vegetation.  In  tropics,
PY is more prevalent in dry woodlands (33%) and
tropical deciduous forests (27.3%) compared with
the  evergreen  rain  forest  (9%).  Similarly,  in  the
temperate  zone,  dry  vegetation  with  seasonal
rainfall such as Matorral (22.3) and deserts (19.5%)
have  a  higher  number  of  PY  species  compared
with moist warm woodlands (8.1%) and deciduous
forest (9%). In the moist wet climates, species with
desiccation-sensitive seeds occur predominantly as
the conditions for growing are prevalent most of
the  year  and  dormancy  mechanisms  would
obscure  germination.  Thus,  the  seeds  that  are
desiccation sensitive and impermeable seed coats
are  selected  for  climates  with  contrasting
conditions.  Interestingly,  although  PY  is  a  trait
found in various life-forms, it  appears  to be less
common  in  trees,  particularly  of  the  temperate
zone. 
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